Using QCD sum rule approach we show that the Λ(1405) can be aKN molecule-type multiquark state. To do this we assume the Λ(1405) as aKN bound state, and choose aKN molecular-like interpolating field. It is found that the Λ(1405) is below theKN threshold.
There have been many works to study properties of the Λ(1405) and its roles in nuclear physics. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . It has long been considered as aKN bound state [12, 13] , since it is just below theKN threshold. Thus, it is assumed to be a candidate of hadronic molecules [14] , which are weakly-bound states of two or more hadrons. For a recent review of hadronic molecules, see [14] .
In this paper we use QCD sum rule approach to predict a mass of the Λ(1405). QCD sum rule is one of powerful tools to extract the hadron properties directly from QCD [15] [16] [17] . Recently, techniques to study negative parity baryons in the QCD sum rule approach are given in Ref. [18] [19] [20] and Ref. [21, 22] , respectively. While Jido et al . constructed a usual three-quark interpolating field, Lee et al . proposed a three-quark interpolating field with a covariant derivative. On the other hand, in Ref. [23] it was shown that the five quark operators, which correspond to a baryon and pseudoscalar meson or a baryon and vector meson, have great contribution to the mass of the Λ(1405). This result is consistent with an analysis from the MIT bag model [24] . On the basis of Liu's result [23] , we assume the Λ(1405) as aK − N hadronic molecular state (five-quark state), and investigate the possibility using the same procedures in Ref. [25] .
Let's consider the following correlator:
where
corresponds to the multiquark interpolating field for the Λ(1405) state. u, d and s are the up, down and strange quark fields, and a, b, c, d are color indices. T denotes the transpose in Dirac space, and C is the charge conjugation matrix. Because of its dimension the OPE side has two structures:
where 
where we take the quark condensate= -(0.230 GeV) 3 , ss = 0.8, and the strange quark mass m s = 0.150 GeV throughout this paper. Here, we neglect the contribution of gluon condensates and concentrate on tree diagrams, and assume the vacuum saturation hypothesis to calculate quark condensates of higher dimensions. Similar calculation was done in Kodama et al .'s H-dibaryon sum rules [26] . The OPE sides have the following form:
where a, b, c, · · · , g are constants. Then we parameterize the phenomenological side as
where s 0 is a continuum threshold. After Borel transformation we obtain a mass of the Λ(1405) from Π q and Π 1 , respectively. The mass m is given by
The continuum contribution is large, so this formula has large uncertainties. We can not find a plateau for the mass of the Λ(1405). However, the OPE sides can be written as
where 2 loop-type means the contribution from diagrams of Fig. 1 , and 1 loop-type the contribution from diagrams of Fig. 2 . N c is a number of color, and in Eqs. (3), (4) above we took N c = 3. Note that in Fig. 1 and 2 we present only some typical diagrams.
Then, we can use the same strategy in Ref. [25] : First, consider 2 loop-type only and vary the continuum threshold s 0 and Borel interval M 2 in order that the mass should be 1.435 GeV (the sum of a kaon and a nucleon mass). The Borel interval M 2 is restricted by the following conditions as usual: The lower limit of M 2 is determined as the value at which the power correction is below than 30%. The upper limit is determined as the value where the continuum contribution in the mass prediction is less than 50%. Second, consider all diagrams (1 loop-type + 2 loop-type) and get a new mass m ′ with the same s 0 and Borel interval M 2 which are obtained from the first step. Third, compare m ′ with 1.435 GeV. If m ′ is less than 1.435 GeV, it can be one signature for molecular-like multiquark state.
The results are given in Table I . The mass is very similar to the experimental value, 1.407± 0.004 GeV [27] . It shows that there is a binding in both cases, Π q and Π 1 . It is worthy to note that the mass is increasing when the quark condensate is decreasing. This is different from other baryons which are made of three-quark interpolating fields [18] [19] [20] . It means that the mass of the Λ(1405) may be increased with density if the Λ(1405) is assumed to be aKN bound state. There is the same argument in Ref. [8] .
In summary, the mass of the Λ(1405) is predicted using aKN molecular-like interpolating field. It can be aKN molecule-type multiquark state because it is below theKN threshold. It is interesting to calculate the mass of the Λ(1405) with the baryon and vector meson (e.g., Σ -ρ) interpolating field which was proposed in [24, 23] . 
